Abstract. Precision agriculture is the new trend of world agricultural development, and is also an important driving force to promote the development of agriculture in China. In order to provide a better service for extractive industry, automation and monitoring technology has been widely used in modern agricultural machinery and equipment. As a part of combine harvester automatic monitoring, intelligent grain measuring system installation is significance in grain combined harvester. But in grain harvesting, there are still some errors in the grain yield monitoring system. This article analyze the grain quality and grain moisture content respectively on grain yield monitoring system. According to the laboratory tests, the measurement accuracy of grain production system increase with when the grain quality improves; grain moisture content have a great impact on the impulse sensor of grain measuring system, lower grain moisture content creates higher measurement accuracy of grain production system.
Introduction
With the development of science and technology, information technology has been affecting the innovation and development of agricultural mechanization technology. As traditional techniques transforming to high technology, researches and applications of electronic technology, mechanical and electrical hydraulic integration technology, automation technology, aviation technology, intelligent technology, and advanced manufacturing technology have greatly improving the agricultural equipment technique, performance and quality. Geographic information system, remote sensing technology, global positioning system and other new technologies have been applied in agriculture, caused the formation of precision agriculture. Combined harvester is one of the most important tools in precision agriculture, it is the basis of the implementation of precision farming prescription and variable inputs. On the basis of traditional harvester, combined harvester is loaded with some sensors and electronic measuring devices, the sensor measures and sends data to computer for processing, then come out the output data. The output data is the most basic and important data, so the design of the production system is related.
According to Chen Xunzhou from Shanghai Jiao Tong University, when measuring the grain productions, the data is collected from the impulse sensor as the grains impact on the Impulse plate of the sensor through the grain flow in the lifting device. So the physical characteristics of the grain have a certain effect to the impulse sensor. The grain moisture content is a very important physical characteristic [1] . The influence of height, width and harvesting speed of combine harvester and other factors are not considered in the corn harvest. Though the system parameters in the grain production system are constant, the grain yield measurement system has a quite large deviation of accuracy when measuring in the morning and afternoon. The reason for this deviation might due to the high moisture content in the morning, and lost during the evaporation from physical part of corn which caused by sun's exposure. It causes corn's water content reduced when the combine harvester works. Thus the accuracy rate is affected. This article analyzes the accuracy of different grain moisture content and grain quality.
Materials and Methods
Crop moisture refers to water content of kernels and haulm, normally haulm moisture changes equally as the grain moisture rises or drops. Considering the convenience of the experience, only takes kernels moisture as the main factor [2] .
In this experiment, the data was received towards impulse sensor. When the harvester working, grains are transport by the auger from the bottom of bin to the bottom of lifting device, then lift and throw out from the head of the lifting device, eventually store in a grain bin. This process creates a continuous grain flow from the top of the lift device. However, the test bed is unable to produce grain flow through the harvesting operations, it need external device to lift the grains, as shown in Figure 1 , the product measuring test bed including giving device, lifting device, grain impact part, sensors and data acquisition equipment four parts [3] .
Note: 1 Impulse sensor 2 Lifting device 3 Auger The experiment is divided into two parts. The first part was test under the conditions of same corn moisture content, platform measures different corn quality influences on grain measurement system. The second part is under the conditions of same corn quality, platform measure different corn moisture content influences on grain measurement system. Select test moisture content of 13% corn kernels and 8% corn kernels, 13% moisture content of corn are obtained by soaking the 8% corn kernels for a period of time. At the same time select a different weight to operate control test. The system parameters are fixed, and the laboratory test procedures are as follows:
1) The moisture content of corn grain was tested, and the moisture content of corn was 8% and 13%, respectively;
2) Weigh the corn kernels.
3) Turn on the power of impulse-measuring platform, and run the experiment bench. Since the baffle plate between the barn and the lift prevents the grain from entering the elevator, the conveyor belt is in un-load condition at the time.
4) Open the data acquisition software port and start data collection. Wait for 10 to 20sec till the impulse sensor approaches zero point.
5) After collection of zero point, pull the baffle plate and start testing. Adjusting the opening of the baffle to ensure the flow of the corn kernel is maintained.
6) When the corn kernels flow completely finished, close the data acquisition software port, stop the test bench, it is the end of one experiment. Then sent corn kernels returned to the barn, prepare for the next experiment.
During the experiment, the lift transport corn kernels to the impulse sensor, measuring system measure the real-time corn grain flow created by the lifting device, and collect impulse on the impulse sensor plate, and then obtain the value of system weigh of corn kernels. The relative error of the measurement system can be obtained by measuring the actual quality of corn kernels (M) and the measuring and calculating of the corn kernels quality (Mc). The formula for calculation is:
Results and Analysis
The Effect of Grain Quality on the Accuracy of Grain Yield Measurement System
The first part of the test was under the conditions of same moisture content of corn, test different corn quality effect the accuracy of grain yield measurement system. Two groups of corn moisture content was tested, the moisture content of corn were 8% and 13%. In the first group, the corn moisture content was 8%, and the weight of corn was 30kg, 50kg, 100kg. The parameters of the grain yield measurement system were fixed in this experiment. The analysis result of experimental data is shown in Table1. The measure relative error was calculated by actual weight of corn kernel and the value from grain yield measurement system.
From Table 1 , when the corn weight was 30kg, the relative error of grain yield measurement system is within ± 11%, and the average of absolute relative error was 5.79%. When corn weight was 50kg, the relative error of grain yield measurement system is within ± 8%, and the average of absolute relative error was 3.67%. When corn weight was 100kg, the relative error of grain yield measurement system was within ± 9%, and the average of absolute relative error was5.87%.
According to the experimental data of the first group, it was clear that ( measured as the average yield of absolute relative error). As the weight of corn increases, the relative error of grain yield measurement system continue to decrease, the data from test result was stable.
In the second group, corn moisture content was 13%, and the weight of corn were 37kg, 58kg, the parameter of grain yield measurement system is fixed as well. The analysis result of experimental data is shown in table 2. As table 2 shows, the weight of corn was 37kg, the relative error of grain yield measurement system was within 20%, and average absolute relative error was 16.43%. When corn weight was 58kg, the relative error of grain yield measurement system was within 17%, and average absolute relative error was 13.55%.
According to the second group, it was clear that , the relative error of grain yield measurement system was reduced too. The relative error of grain yield measurement system was stable.
Two groups of experiment data showed that when the corn moisture content was 8%, the relative error of the measured production systems was ; when the corn moisture content was13%, relative error of test production system was . Under the conditions of same corn moisture content, the relative error of the measurement system decreases as the weight of corn improved, and the accuracy improved as well. It because the impulse sensor's output signal is a slowly varying signal, if material is less, the impulse sensor data acquisition time is short, resulting in little change in the quality of the data collected. Therefore, increasing the weight of corn can improve the amount of data collected by the impulse sensors.
The Effect of Grain Moisture Content on the Accuracy of Grain Yield Measurement System
In the second part was under the condition of same weight, test the effects of different corn moisture content on the accuracy of grain yield measurement system. In this experiment, two groups of experiments were carried out, which weight 30kg and 50kg respectively.
The first group, when the corn weight was 30kg, corn moisture content was separate in to 8% and 13%. The parameters in grain yield measuring system were fixed. The analysis result of experimental data is shown in table 3. From the table 3,when the corn moisture content was 8%, the relative error of the grain yield measurement system was within±11%, and the average of absolute relative error was5.97%. When corn moisture content was 13%, the relative error of the grain yield measurement system was within±20%, and the average of absolute relative error was16.43%.
In the first group, two different moisture contents of the corn showed that: . The relative error of grain yield measurement system was decreased as the moisture content decreased.
The second group, two groups of corn both weight 50kg, the moisture contents were 8% and 13% respectively. The parameters in grain yield measuring system were fixed. The analysis result of experimental data is shown in table4. In table 4, corn moisture content is 8%, the data from the measurement system was quite stable, the relative error of grain yield measuring system was within±7%, and the average of absolute relative error was 3.67%. When corn moisture content was 13%, the relative error of the grain yield measurement system is within -17%, and the average of absolute relative error was13.55%.
In the second group, comparing two different corn moisture contents, it showed that: . The relative error of grain yield measurement system was decreased as the moisture content decreased.
From the analysis of two groups of experiment data showed that: when the weight of corn was same, different moisture content have significant impacts on the grain yield monitoring system. With the grain moisture content increased, the relative error of grain yield monitoring system would increase and the accuracy of the system would be affected as well. It because higher the moisture content were, the heavier the corn weight, and the physical characteristics of corn would be changed. Impulse sensor was installed on the top of the combined harvester's lift device. While the grain thrown from the elevator and striking on the sensor's impulse plate, causing lateral deformation of the cantilever elastic element. This deformation was converted into electricity by the resistance gauge group, which can translate the impact of the corn into electricity data that can be measured. Therefore, when the weight of the grain was different, the force of the impact would be different as well. The weightier of the corn, the greater of the impact. Contrary, the lighter of the corn, the smaller of the force.
Conclusion
In this paper, the research and experiment of grain yield measuring system is carried out from two aspects, including grain quality and grain moisture content. This paper introduces the methods and procedures of the experiment, and analyzes the data measured by the grain yield measurement system under the condition of different grain quality and different grain moisture content, the following conclusions are obtained: 1) Weight of grain has a certain influence on grain yield measuring system, as the weight of grain increase can the data acquisition point of impulse sensor increase as well, and expand the time of data acquisition, the data collected by the impulse sensor tends to be stable. The relative error of grain yield measurement system can be reduced by the improvement of grain quality.
2) The physical characteristics of the grain will affect the accuracy of the data acquisition of the impulse sensor, grain moisture content changes will also change the grain impact force on the sensor of the impulse plate. Therefore, the grain moisture content has a great influence on the grain production system, the higher the grain moisture content, the lower the accuracy of the grain yield measuring system.
Suggestion
In the future research, in order to make the measuring accuracy of the grain yield measuring system higher, the grain yield measuring system also needs improvement. In this test, only the impulse sensor is used to measure the weight of grain. But the grain moisture content has a great influence on the impulse sensor, which leads to the low precision of the measurement of the grain production system, and the data is not stable enough. Adding a weighing sensor on the original grain measuring system can help the impulse sensor to guarantee the accuracy of the measurement in the grain yield measuring system.
